sealants. 6 There is also evidence that sealants prevent early caries from progressing into a cavity. 7, 8 Despite strong evidence of effectiveness, sealants are underutilized, especially among children at higher risk for dental caries. 4 Less than 20% of children living in poverty have received sealants compared with 32% of higher-income children. 2 Increasing sealant prevalence among children is a national health objective. 9 In addition, both the Centers for Medicare and Medicaid Services 10 and the National Quality Forum 11 have endorsed performance measures related to increased sealant prevalence among Medicaid-enrolled and privately insured children deemed to be at risk for caries, respectively.
School sealant programs (SSPs) are an effective way to deliver sealants to children who likely would not receive them otherwise. An Ohio study compared sealant prevalence among high-risk (e.g., attended school where 450% children participated in free/reduced-price meal program) and low-risk third-graders. 12 Sealant prevalence among children attending schools with an SSP did not vary by risk status whereas, in schools without an SSP, sealant prevalence among low-risk children (43%) was notably higher than among high-risk children (29%). In both the 2002 and updated 2013 review, the Community Preventive Services Task Force (Task Force) issued a recommendation for use of SSPs based on strong evidence of effectiveness in preventing dental caries and evidence indicating SSPs increase the number of children receiving sealants at school. 5 A 2002 Community Guide systematic review of economic evaluations of SSPs (referred to here as the 2002 economic review) found wide variation in reported costs ($18.50-$59.83 per child, 1997 U.S. dollars) and cost effectiveness (o$0 to $487 per averted cavity). The economic review included six studies conducted from the early 1970s to 1999. 13 Many factors that can influence the cost and benefit of SSPs have changed since this earlier economic review. These include:
1. decrease in caries prevalence 14 ; 2. increase in number of states allowing dental hygienists working in SSPs to assess a child's need for sealants and to place sealants without a dentist being present 15 ; and 3. increased prevalence of sealants among children 14, 16 and SSPs that target high-risk schools. 17 In light of these changes and the updated review of the evidence of SSP effectiveness by the Task Force, it is important to conduct this systematic review 5 of more recent evidence on the costs and benefits of SSPs. To estimate the economic benefit of sealants, economic evaluations of sealants delivered in dental offices as well as schools were included because the evidence base for the Task Force recommendation 5 included sealants delivered in both settings (i.e., assumed similar effectiveness). If effectiveness does not vary between delivery settings, the economic benefit of sealants (averted treatment costs plus averted productivity losses) also will not differ because all children, regardless of where they received sealants, will receive restorative care in a clinical setting.
EVIDENCE ACQUISITION
The team followed the general methods for economic evaluations established by the Community Guide, available at www.thecom munityguide.org/about/economics.html.
The inclusion criteria followed the standards for economic evaluation studies adopted by the Community Guide. 18 Included studies met both the intervention description of the systematic review used to assess SSP effectiveness 5 and the following criteria:
1. provided information on SSP resource costs or averted treatment costs attributable to sealants; 2. published in a peer-reviewed journal; 3. conducted in a high-income country as defined by the World Bank 19 ; and 4. published in English.
A librarian at the Centers for Disease Control and Prevention searched the literature published between January 2000 and November 20, 2014. Searched databases were PubMed, EconLit, Social Sciences Citation Index, JSTOR, and the specialized databases of economic literature at the Centre for Reviews & Dissemination at the University of York. The complete search strategy is in Appendix A (available online). Reference lists of included economic studies were also searched. Two reviewers independently reviewed titles, abstracts, and keywords of each retrieved article. The full texts of ordered articles were then reviewed to identify qualifying studies. Information recorded for each study was based on the consensus of two reviewers who extracted each study independently.
Economic outcome measures considered in this review were:
1. cost; 2. economic benefit (e.g., averted treatment costs and productivity losses); 3. net cost (cost minus benefit); and 4. cost effectiveness (i.e., net cost per gained health outcome).
Economic outcomes not presented in a study were estimated if the study had sufficient information. In addition, productivity losses per child were imputed for U.S. studies that did not include this in their estimated economic benefit. To do this, the reviewers first estimated productivity losses associated with a dental visit. This value, $48.46, was the average time for a dental visit including travel (1.5 hours 20 ) multiplied by average employee hourly compensation in 2014 21 ($32.31) . Dental visit productivity losses were then multiplied by the number of averted cavities per child, assuming that one dental visit would be required to treat each cavity. The reviewers also discounted outcomes/costs in studies that did not do this by assuming a constant annual caries attack rate and a social discount rate of 3%. All economic values reported in this paper were converted to 2014 U.S. dollars using the U.S. city average consumer price index for dental services (Dental Consumer Price Index 22 ). The Dental Consumer Price Index was used because the 2002 economic review found that dental labor accounted for the majority of SSP costs. 13 International currencies were converted to U.S. dollars using purchasing power parity rates from the World Bank. 23 Purchasing power parity rates were used because "they are less susceptible to financial flows and governmental exchange rate manipulation than are market exchange rates." 18 Once the cost and economic benefit were comparable across the studies, the median one-time intervention cost and annual economic benefit per sealed tooth were used to estimate the net cost of an SSP to society over 4 years (the time horizon reported in the effectiveness review 5 ). Finally, one-and two-way sensitivity analyses were conducted to examine the effect on the findings from imputing productivity losses for studies that did not present them, including non-U.S. studies and studies with outlier values, and limiting SSP benefit to 4 years.
EVIDENCE SYNTHESIS Search Results
The literature search identified 469 unique studies ( Figure 1 ). After reviewing titles and abstracts, 413 studies were excluded. After reviewing full texts of the remaining 56 studies, 33 were excluded because they were either reviews or did not include information on costs or benefits of sealants. Among the remaining 23 economic evaluations of sealants, 13 were excludedfour because they were not conducted in high-income countries, [24] [25] [26] [27] five because the treatment arm included additional interventions, [28] [29] [30] [31] [32] two because of insufficient information, 33, 34 and two because sealants were applied only to primary teeth. 35, 36 Ten studies from the current literature search were included in this review. [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] Only one study 46 (conducted in early 1990s) included cost data for resource categories typically used by SSPs (i.e., labor, equipment, and supplies). To increase sample size, four studies with cost data [47] [48] [49] [50] from the 2002 economic review were also included. These added studies used sealant materials included in the most recent effectiveness review. 5 The final body of evidence for this review included 14 studies. Analyses were conducted in 2015.
Description of Included Studies
Among the studies from the 2002 economic review, one was conducted in Australia 50 and three in the U.S. [47] [48] [49] Among the studies published after 1999, one was conducted in Australia, 37 one in Canada, 38 one in Chile, 42 and seven in the U.S. (Appendix B, Table 1 , available online). [39] [40] [41] [43] [44] [45] [46] Among the post-1999 studies, four had cost information for at least one resource category used by programs delivering sealants in schools 37, 38, 44, 46 and one for a program delivering sealants to schoolchildren in a community clinic. 42 Two of the studies with cost data and published after 1999 were conducted in the early 1990s, 37, 46 one in 2003, 44 one in 2008, 38 and one in 2009. 42 For the final review, information was available for the following economic outcomes: SSP costs and cost effectiveness, economic benefit of sealants delivered in clinical or school settings, and net costs of providing sealants to Medicaid-enrolled children estimated from both the Medicaid and societal perspectives. The median labor cost per child was $35.30. Labor accounted for more than two thirds of total costs in ten of the 11 SSPs with data for both labor and total costs. 38, 42, [46] [47] [48] 50 The two studies with the highest labor cost per child reported sealing times of 56 minutes 46 and 93 minutes 38 (including exams) to seal 3.1 tooth surfaces per child-more than double the 26 minutes estimated by the reviewers using information from the Association of State and Territorial Dental Directors Best Practices for SSP website (i.e., website reported SSP could seal 15-16 children per sealant station in 6.7 hours). 45, 53 One study 44 found that changing existing laws to allow dental hygienists instead of dentists to screen and place sealants reduced SSP costs by 18%-29% depending on the program size.
Consumable supplies were the next highest resource cost category with a median cost per child of $6.95. For the one study that itemized costs, infection control accounted for 73%. 46 Supplies and labor time for infection control are incurred at the child level, suggesting that SSP costs per sealed tooth should increase with decreases in the number of at-risk teeth sealed per child and when SSPs screen and seal children at different times.
Capital equipment costs were a relatively small portion of the cost per child (median, $2.53; range, $0.38-$4.16), suggesting minimal economies of scale. The two largest programs had some of the highest costs per child. 38, 49 One study, however, found that because travel and set-up costs are fixed per school day, increasing the number of children seen per sealant unit per day decreased costs per child. 44 Median cost per child for travel was $1.60 and for other resources was $1.09. Economic benefit. Two studies used Medicaid claims data to estimate averted treatment costs attributable to placing sealants on permanent first molars of Medicaidenrolled children in dental offices (Table 2; Appendix B,  Table 2 , available online). 40, 45 The reviewers estimated a School-linked program that referred children to dental clinic. Costs associated with sealant placement (e.g., equipment, clinical labor) were included in fee paid to dental clinic. Study stated fee was included in cost of supplies. NR, not reported; U.S., studies conducted in the U.S.
productivity losses and discounted costs in both studies. For the study that only reported costs at 8 years, 40 annual costs (for discounting purposes) were estimated by dividing total costs by 8. This study compared reimbursements for sealants and restorations among continuously enrolled children, aged 5-7 years, with and without a dental sealant claim. Over 8 years, children not receiving sealants were three times more likely to have received a restoration (33.4% vs 10.5%). Averted restoration costs were $71.52 per child; including productivity losses would increase the economic benefit to $81.23. The annual benefit per tooth would equal $6.08.
A similar study in North Carolina conducted per permanent first molar stratified findings by the child's initial caries risk. 45 A molar was deemed low risk if no other first molars had received a caries-related service on an occlusal surface, medium risk if one other molar had a previous service, and high risk if two or more other molars had received a service. Although the study used 8 years of Medicaid claims data, the 5-year results are used because the effectiveness review found SSP to be effective for 4 years and the benefits in this study, which were reported for each year, stopped after 5 years. Among not-sealed low-, medium-, and high-risk first molars, the percentage receiving restorative care over 5 years was, respectively, 21.0%, 47.1%, and 58.5%. The reduction in restoration receipt and averted treatment costs per low-, medium-, and high-risk first molars was 53.3%, 62.6%, and 70.7% (Appendix B, Table 2 , available online) and $5.10, $21.65, and $34.92, respectively. After including productivity losses, economic benefit equaled $10.04, $34.61, and $53.04, respectively, for low-, medium-, and high-risk teeth. The corresponding annual benefit equaled $2.01, $6.92, and $10.61.
The remaining estimates of the economic benefit from sealants were obtained from economic models-two for SSPs 42, 44 and two for delivering sealants in dental offices. 41 , 43 Scherrer et al. 44 modeled the benefit and costs of SSPs in Wisconsin and found that over 9 years SSPs would avert $209.97 in treatment costs and $23.89 in productivity losses per sealed child. The annual benefit per tooth sealed was $6.50. The other study 42 found that over 6 years SSPs in Chile would prevent $12.16 in treatment costs and $6.62 in productivity losses per sealed child. The annual benefit per sealed tooth was $0.78.
The two models of sealants delivered in clinical settings estimated the economic benefit from the payer perspective. 41, 43 For this review, only findings for sealing versus not sealing one first molar per child were included, as they are more comparable to other included studies. Averted treatment costs per permanent first molar over 9 years 41 and 10 years 43 were $36.55 and $73.28, respectively. The reviewers could not estimate productivity losses for Quinonez and colleagues 43 because the outcome was caries-free months. Adding productivity losses to economic benefit in Griffin et al. 41 yielded a societal benefit of $50.03. The annual economic benefit per tooth was $5.56 and $7.33 for Griffin and colleagues 41 and Quinonez et al., 43 respectively. Among the six studies estimating benefit [40] [41] [42] [43] [44] [45] and using the findings for medium-risk teeth in Weintraub and colleagues, 45 the estimated median annual molar School sealant program net cost using median cost and benefit. Data on median SSP cost (Table 1) and benefit (Table 2) per tooth were combined to estimate SSP net cost. Assuming a 3% discount rate, the economic benefit summed over 4 years would equal $23.37 (Appendix, Table 3 , available online). The SSP median one-time cost to seal a tooth was $11.64. SSP benefit exceeded cost 2 years after sealant placement and, over 4 years, saved $11.73 per sealed tooth. SSPs were still cost saving when imputed productivity losses were not included in the estimate of SSP benefit. Additional sensitivity analyses indicated that changes in assumptions did not significantly change findings (Appendix C, available online). Net cost of delivering sealants to Medicaid-enrolled children. Two studies using claims data to estimate the net cost of sealing permanent first molars of Medicaid-enrolled children in dental offices were discussed in the section titled Economic benefit. 40, 45 The study conducted among Alabama children found that the 8-year per-child cost savings to Medicaid were $26.71; including productivity losses increased the cost savings to $36.41 (Appendix B, Table 4 , available online). The study conducted among North Carolina children found that over 5 years, sealing a high-risk first molar was cost saving to Medicaid ($6.30). After including productivity losses, the cost saving to society from sealing medium-and high-risk first molars was $5.99 and $24.41, respectively.
The third study conducted among children who turned 6 years old between 1996 and 1999 and were continuously enrolled in Iowa Medicaid 39 examined the cost per gained quality-adjusted tooth-year 53 attributable to clinical delivery of sealants. For this review, the findings in the sensitivity analysis on Medicaid's net cost to seal a permanent first molar are included. Net costs from Medicaid's perspective were $5.41, $6.39, $16.07, and $3.93 for the upper left, upper right, lower right, and lower left first molars, respectively. When net costs were estimated from the societal perspective, sealants became cost saving or neutral (rounded down to $0.00) for all first molars with the exception of the lower right.
Possible explanations for why sealants were cost saving to Medicaid for all enrolled children in Alabama compared with only high-risk children in North Carolina and no children in Iowa are:
1. Medicaid-enrolled children/teeth not receiving sealants were more likely to receive restorative care in Alabama (33%) than in North Carolina (22%) or Iowa (18%). 2. The percentage reduction in restoration incidence was slightly higher in Alabama. 3. There was possible misclassification of sealed versus not sealed teeth in the Alabama study, as the analysis was conducted at the child level and did not match restoration receipt in a tooth with its sealant status but instead whether the child had at least one sealant.
One final reason why sealants may have been cost saving only for high-risk molars in North Carolina is that Medicaid reimbursement for sealants was relatively high compared with restorations. Medicaid fees for both sealants and restorations were not reported in the other two studies. The ratio of sealant to restoration reimbursements equaled 62% in North Carolina versus 35% when using relative value units 54 (a measure of the relative value of resources to provide each procedure) or 37% when using private dental fees in 1999. 55 School sealant program cost effectiveness: economic models. Four studies modeled the cost effectiveness of SSPs sealing first molars. 38, 42, 44, 46 Two studies were discussed in the section titled Economic Benefit. 42, 44 Scherrer et al. 44 estimated the per-child cost of SSPs to be $67.05 (Table 3 ). These costs included Wisconsin's grants to SSPs and Medicaid reimbursements for sealants. Over 9 years, SSPs saved society $166.81 per child receiving sealants. Marino and colleagues 42 estimated the cost of resources used by SSPs to be $33.36 per child. Over 6 years, SSPs prevented 1.11 decayed tooth surfaces per child, with a resulting cost-effectiveness ratio of $13.13 per averted decayed tooth surface.
In the third study, 46 the reviewers discounted outcomes and estimated SSP economic benefit because these were not done in the study. To estimate restorative costs, the reviewers used survey data from the American Dental Association 51 on the average fee for a one-surface amalgam restoration ($125.38) converted from 2009 to 2014 U.S. dollars. This value was added to estimated productivity losses per dental visit, $48.46, and then multiplied by discounted averted decay, 0.93 surfaces, to obtain an estimated economic benefit of $161.65. Net cost per averted decayed tooth surface was $1.63.
For the final study that evaluated SSP cost effectiveness for various targeting strategies, 38 the reviewers compared the two strategies that were most representative of the current U.S. healthcare environment:
1. delivery of sealants at no patient expense to all children in both schools and private dental clinics; and 2. delivery of sealants with no expense to all children in private dental clinics only.
Offering sealants in schools in addition to private dental clinics was more effective (1 percentage point increase in number of children without caries) and saved $30.76 per child over 10 years.
In summary, SSPs saved societal resources because of improved dental outcomes in two studies 38, 44 and cost $1.63 46 and $13.13 42 per averted decayed tooth surface, respectively, in two studies.
DISCUSSION
Almost all studies used primary data to estimate SSP cost whereas only two of six estimates of economic benefit used primary data. The economic benefit of sealants, however, was similar for studies using both types of data. The median SSP cost to place a sealant was markedly lower than fees charged for sealants delivered in clinical settings. SSPs were cost saving when estimated with the median one-time SSP cost and median annual benefit per tooth over 4 years. The sensitivity analysis indicated these findings were robust.
Two of four economic models evaluating SSPs found that the benefit exceeded the cost. In the two remaining studies, one study 42 modeled the benefit to be about one eighth the median value found in this review and the other 46 found costs to be almost five times higher than that median value. Finally, clinical delivery of sealants to children enrolled in Medicaid was also found to be cost saving to society.
The median attack rate (8%) for the six studies used to estimate economic benefit per tooth was lower than the cost-saving threshold attack rate of 12% (i.e., annual caries increment of 0.47 surfaces for four molars 13 ) found in the 2002 economic review. Possible reasons for a higher cost-saving threshold attack rate in the 2002 review are that among the three studies that found positive net costs, one reported sealant times per child exceeding 1 hour and used an early sealant material excluded in the recent effectiveness review 56 and the two remaining studies did not include productivity losses in estimating the economic benefit. 49, 50 Limitations Included studies had limited primary data on productivity losses associated with dental visits to restore caries. The reviewers imputed productivity losses using average employee compensation and assuming every new cavity required a separate dental visit. These assumptions may have overestimated sealant benefit. The sensitivity analysis, however, indicated that SSPs were still cost saving without imputed productivity losses. Alternatively, the economic benefit may have been underestimated because the reviewers did not impute averted travel costs (e.g., fuel costs and depreciation associated with a dental visit). Finally, the reviewers might have missed relevant studies because, using Community Guide methodology, studies not written in English were excluded.
Applicability
The generalizability of these findings to other SSPs will depend on variability in SSP effectiveness, risk status of participating children, and cost. The median effect 5-10 years after sealant placement by SSPs found in this review, 53%, was similar to the estimated value, 50%, in the effectiveness review. The reviewers are unaware of a data source with annual caries attack rates for children participating in SSPs. The median first molar attack rate reported by SSPs in 12 states funded by the Division of Oral Health (Centers for Disease Control and Prevention) for the 2013-2014 school year (6.3%), 57 however, was within the range of attack rates found in studies used to estimate SSP benefit (Appendix B, Table 2 , available online). The finding that labor accounted for two thirds of total SSP costs suggests that even minimal improvements in efficiency or decreases in labor costs could greatly improve SSP cost effectiveness. Labor costs will vary by the competitiveness of local labor markets and whether state law requires higher-priced labor (i.e., dentist) to be present when determining need for and placing sealants.
Other Benefits
Reduced dental caries attributable to SSPs should result in lower untreated decay prevalence as well. The benefits in terms of decreased missed school days and improved academic performance resulting from reduced untreated dental caries prevalence [58] [59] [60] were not examined in this review.
Evidence Gaps
The impact of consent rates and administrative costs was not well documented in the studies in this review and may warrant further study.
CONCLUSIONS
The economic evidence indicates that the benefits of school sealant programs are greater than their costs when the programs target schools attended by a large number of children at high risk for caries.
